Ultrahigh-throughput approach for analyzing single-cell genomic damage with an agarose-based microfluidic comet array.
Genomic DNA damage was generally identified with a "comet assay" but limited by low throughput and poor reproducibility. Here we demonstrated an ultrahigh-throughput approach with a microfluidic chip to simultaneously interrogate DNA damage conditions of up to 10,000 individual cells (approximately 100-fold in throughput over the conventional method) with better reproducibility. For experiment, agarose was chosen as the chip fabrication material, which would further act as an electrophoretic sieving matrix for DNA fragments separation. Cancer cells (HeLa or HepG2) were lined up in parallel microchannels by capillary effect to form a dense array of single cells. After treatment with different doses of hydrogen peroxide, individual cells were then lysed for subsequent single-cell gel electrophoresis in the direction vertical to microchannel and fluorescence detection. Through morphological analysis and fluorescent measurement of comet-shaped DNA, the damage conditions of individual cells could be quantified. DNA repair capacity was further evaluated to validate the reliability of this method. It indicated that the agarose-based microfluidic comet array electrophoresis was simple, highly reproducible, and of high throughput, providing a new method for highly efficient single-cell genomic analysis.